PATENT 

Docket 21MMC-10 



U.S. EXPRESS MAIL NO. EK411278520US 



-18- 



CLAIMS 



1 . A radio frequency amplifier module comprising a plurality of printed circuit 
boards laminated atop a bottom conductor plate, and including a radio frequency 
semiconductor amplifier chip mounted in a well extending through said boards 
in electrical connection therewith and electrically bonded atop said plate. 



2, A module according to claim 1 wherein said chip includes top terminals 
electrically joined to one of said boards, and a metalized base directly bonded 

Q atop said plate. 

□ 
r 

3. A module according to claim 2 wherein said boards include input and 

m 

ij\ output impedance matching circuits electrically joined to said chip. 

Cj 

M 4. A module according to claim 3 wherein said boards comprise a top board 

m providing access to said well, and an intermediate board laminated between said 



iU 



top board and bottom plate, and said top board includes electronic components 
for said impedance matching circuits. 

5. A module according to claim 4 wherein each of said boards further 
comprises a dielectric substrate and an integral metal layer, and said boards are 
sized in area for collectively providing printed circuits in said metal layers for 
operating said chip, including said impedance matching circuits therefor. 

6. A module according to claim 5 wherein said metal layers include 
independent portions for providing radio frequency grounding for said module. 



7. A module according to claim 5 wherein said printed circuits are 
interconnected between said metal layers by electrically conductive terminals 
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extending through said substrate therebetween. 

8. A module according to claim 6 wherein said chip metalized base is an 
integral electrical ground for said chip, and said bottom plate is an electrical 
ground for said printed circuits electrically interconnecting said circuits and said 
chip base. 
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9. A module according to claim 5 wherein said boards further comprise a 
bottom board projecting into said well to define a ledge surrounding said chip, 
and said chip top terminals are electrically joined to said printed circuits atop said 
ledge. 

10. A module according to claim 9 wherein said chip top terminals are 
electrically joined to said ledge by respective wires having length, diameter, and 
material property for effecting a predetermined inductance in said printed circuits. 

11. A module according to claim 9 wherein said boards consist of three boards 
defining said well, with each of said boards defining a respective portion of said 
printed circuits. 



12. A module according to claim 1 1 wherein said well includes a single chip 
configured for single band radio frequency operation, and said bottom plate 
includes five terminals electrically insulated therefrom and electrically joined to 
said printed circuits for inputting and outputting a radio frequency signal through 
said chip with impedance matching to external circuits. 



1 3. A module according to claim 1 1 wherein said well includes a pair of said 
chips configured for dual band radio frequency operation, and said bottom plate 
includes corresponding sets of five terminals electrically insulated therefrom and 



PATENT 

Docket 21MMC-10 



• 



U.S. EXPRESS MAIL NO. EK411278520US 



-20- 



electrically joined to said printed circuits for inputting and outputting respective 
dual band radio frequency signals tiirough said chips with impedance matching 
to external circuits. 

14. A module according to claim 11 wherein said chip comprises Gallium 
Arsenide Heterojunction Bipolar Transistors, and said bottom plate underlies 
substantially all of said bottom board. 

1 5. A module according to claim 5 further comprising a metal cover enclosing 
said top board and well for providing shielding for electromagnetic interference. 

1:3 

'y, 16. A module according to claim 15 further comprising metal sidewalls 

1^ surrounding said laminated boards. 

iiJ 

j^i, 1 7. A module according to claim 1 6 wherein said metal cover, metal sidewalls, 

■'^ and metal bottom plate are electrically interconnected, and substantially enclose 

IIJ 

lU said laminated boards 1 8 and radio frequency chip. 

is* 

1 8. A module according to claim 5 further comprising a metal top plate bonded 
to said top board to hermetically close said well and chip therein. 

19. A module according to claim 18 wherein said top plate is electrically 
grounded to said bottom plate through said printed circuits. 

20. A module according to claim 5 wherein said boards further comprise a 
cover electrically bonded to said top board atop said well to define a portion of 
said printed circuits. 



21 . A module according to claim 20 wherein said cover board also includes a 
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dielectric substrate and a printed circuit layer, and said printed circuit layer 
thereof comprises an additional electronic connponent for said impedance 
matching circuits. 

22. A module according to claim 21 wherein said printed circuit layer of said 
cover board is disposed atop said substrate thereof. 

23. A module according to claim 22 wherein said printed circuit layer of said 
cover board defines an inductor loop. 

24. A module according to claim 23 wherein said cover board further includes 
a bottom metal layer covering said well and radio frequency chip therein. 

25. A module according to claim 21 wherein said printed circuit layer of said 
cover board is disposed below said substrate thereof. 

26. A module according to claim 25 wherein said additional electronic 
component is disposed inside said well suspended below the bottom metal layer 
of said cover board. 

27. A module according to claim 26 wherein said cover board further includes 
a top metal layer disposed atop said substrate thereof. 

28. A method of making said module according to claim 5 comprising: 
fabricating each of said printed circuit boards with corresponding portions 

of said printed circuits thereon; 

laminating together said boards and bottom plate into an integral 
assembly; 

forming said well and ledge through said boards; and 
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assembling said chip and electronic components into said printed circuits. 



